Chamise (Adenostoma fascicuhztum) undergoes major structural changes in above-ground biomass along a gradient of increasing stand age since fire. Shrub growth in volume and biomass is rapid through 16 years but levels off in older stands. In this early phase of linear biomass increase, net above-ground productivity has a mean of 430 g.yr-l for each shrub, or 60 g-m-* yr-l over the period of 2 -16 years stand age. Individual shrubs at 37 years in Sequoia in the southern Sierra Nevada have more than twice the biomass and four times the annual above-ground productivity of chamise of similar age in the San Gabriel Mountains of Los Angeles County. Between 16 and 37 years, shrub senescence increases with no increase in above-ground biomass and a sharp reduction of available photosynthetic surface area. Total stand biomass continues increasing with stand age up to 37 years as shrub biomass increases, with a maximum at approximately 15,000 kg-ha-'. Fine fuels less than 10 mm comprise more than 500 g-m-* in all chamise canopy ages, providing an important structural element of flammability.
The characteristic evergreen shrub or chaparral vegetation of central and southern California is a classic example of a fire-type community (Hanes 1977; Biswell 1974) . Occurring in both pure and mixed stands throughout most of the state's foothill zone, charnise (Adenostoma juscibhztum H. & A.) is the single most common chaparral species (Hanes 1965 (Hanes , 1977 . Physical characteristics which are well adapted to rapid rates of energy release (Countryman and Philpot 1970) combine with typical hot and dry summers, volatile ether extractives, and low fuel moistures to make chamise an especially flammable fuel type. Its wide distribution and frequent proximity to developed and urban areas has made chamise the subject of growing management concern as well as scientific investigation (Parsons 1976; Hanes 1977) .
Following fire, chamise characteristically resprouts from a root crown as well as germinating from heat-treated seeds (Christensen and Muller 1975) . In most cases the sprouts form the basis of a rejuvenated stand which rapidly matures to the point where within about 15 years the fuel loading (weight per unit area) is thought to be able to again support a moderately intense fire (Philpot 1973) . During the past century fire .
suppression policies have greatly reduced fire frequencies in most chaparral areas. As a result there now exist large areas of overmature chamise chaparral which constitute highly flammable, potentially catastrophic fuel accumulations as well as being of little value as browse of wildlife. This report provides a detailed analysis of structural changes in chamise following different periods since fire. Such information is of value in understanding the concept of senescence as it applies to shrub growth as well as adaptations of chamise to periodic burning. Analysis of growth patterns, productivity and biomass distribution directly relate to potential flammability and thus may eventually provide a key to predicting burning characteristics.
Study Area and Methods
The study area is located within the low elevation foothills of Sequoia National Park in the southern Sierra Nevada of California (Fig. 1) . Past fires in this area have occurred almost exclusively during the dry season (summer or fall) and have been of moderate to high intensity. Specific study sites are located within stands of nearly pure char&e along a fire induced age gradient. The sites, located on southerly exposures of moderate slope between 750 and 900 m in elevation, have respectively experienced 2,6,16,37 and something over 60 years since last being burned. Each site is characterized by a predominance of chamise with only the youngest sites showing even a moderate abundance of any other woody species. Previous work at these same sites has documented an increase in woody cover and height as well as litter accumulation with increasing time since fire (Parsons 1976) .
The climate of the study area is characterized by an annual precipitation of about 70 cm which falls mainly as winter rain. The summers are hot and dry with daytime temperatures often exceeding 40°C. The soils are generally a shallow, sandy loam of granitic origin. Extensive soil sampling throughout the study area shows little variation in soil type (unpublished data).
At each study site three to five typical shrubs were selected for analysis. Since "typical" shrubs were selected for analysis in each stand as the best means of sampling biomass distribution, no attempt has been made to provide statistical interpretation of the data. Shrub dimensions and biomass are quite consistent in the 2-, 6-and 16-year stands, but somewhat variable in the 37-and over 60-year stands. All above-ground biomass was sampled in 30 cm canopy height increments. Mean diameter of the shrub at each height increment was recorded. Shrub dimensions were used 'to calculate biomass data for unit area of canopy cover. Biomass samples were divided into leaves and stems with the latter subdivided into O-5,5-10, lo-20,20-30, and 3O+mm diameter classes.
Oven-dry weights of each fraction were determined in the laboratory, and leaf and stem surface areas calculated following procedures in Countryman and Philpot (1970) . For leaves this method calculates leaf surface area on a geometrical model of an individual leaf as a cone and two frustulums. Biomass data include both living and dead stems, but exclude standing dead branches predating the last fire.
Results and Discussion
Structural characteristics of chamise shrubs along a gradient of stand age since fire show a rapid early growth leveling off beyond 16 years (Table 1) . Shrub volumes increase rapidly up through our 16 year stand, but only moderate canopy diameter and height changes occur beyond this age (Fig. 2 ). Total shrub above-ground biomass (for an individual shrub) increases linearly for 15-20 years with a mean annual increment of 430 gsyr-l (Fig. 3 ). Between our 16 and 37 year stands, the slope of annual growth decreases gradually in a nonlinear manner to a biomass peak of 8,900 g. Overmature stands greater than 60 years in age have a reduced biomass, apparently due to death and breakage of individual branches. On a unit area basis, net annual above-ground productivity approaches linearity from 2 to 16 years, with a slope of approximately 60 g.m-2yr-1. From 16 years on, above-ground biomass remains relatively steady at about 1,400 g*rnP2 (Table 1) . These data from above-ground biomass of individual shrubs Specht (1969) , Echo Valley data from Mooney, et al. (1977) . Specht 1969 ), less than half the values in our stands of the same age. Our higher values of above-ground biomass of individual shrubs and productivity hypothetically are related to shortened summer drought periods in the Sierra Nevada resulting from more favorable ground water supplies. Chamise shrubs at San Dimas have a linear growth rate up to this age with a slope of 110 g.yr-l (Specht 1969) . At Echo Valley in San Diego County, chamise shrubs in a 22-year old stand average 1,726 g-m-" with mean shrub dimensions of 1.16 m in height and 0.98 m diameter (Mooney et al. 1977 ). Mean shrub above-ground biomass at Echo Valley is 2,271 g.
While total above-ground biomass of chamise at Sequoia increases steadily in younger stands, the relative composition of leaves and stems in the biomass changes greatly. Leaf biomass per unit area remains high in younger stands, but drops in the two older stands (Table 1) . Stem biomass increases rapidly in younger stands, but levels off after 16 years. Leaf biomass drops from 39% of total above-ground biomass in the two-year old stand to 11% in the oldest two age classes.
A good indication of relative shrub senescence can be seen in values of leaf area index (LAI) along the stand age gradient. Since chamise typically retains its leaves for only two growing seasons, LAI should be directly related to productivity. Values for LA1 reach their highest point of 2.20 m2.rnv2 in the 16-year old stand, then drop to only 1.23 and 1 .22m2*m-2 in the oldest two stands (Table 1) . This reduced LA1 provides strong indirect evidence of morphological senescence in the two oldest stands and highest productivity at our 16-year stand. Since aboveground productivity shows no increase beyond 16 years (Table  I) , the hypothetical increase of total productivity around this age may relate to increased root growth.
At Echo Valley in San Diego County, 22-year old chamise has comparable relative biomass of leaves and stems as our plants, with 17% leaves and 83% stems (Mooney et al. 1977) . LA1 for chamise at Echo Valley is high at 3 .09m2*m-2.
Changing characteristics of gross shrub structure with age in chamise are associated with major changes of structural characteristics in indvidual canopy levels. Data on the distribution of leaf and stem components with 30 cm height levels in the canopy are presented in Table 2 . In the two year old stand, more than 60% of the leaf and stem biomass is concentrated below 30 cm in the canopy with a LA1 in this level of 1.09. At the 6-year age the greatest proportion of stem biomass remains in the lowest level, but the highest leaf biomass and LA1 occur at 3 l-60 cm. Little biomass occurs above 90 cm. In the 16-year old stand biomass is well-distributed up to 120 cm. The highest stem biomass values in the canopy still occur below 30 cm, while leaf biomass peaks at 91-120 cm. LA1 is relatively high and even from 31-150 cm. Leaf biomass is concentrated from 61-180 cm in the canopy of the 37-year-old stand. Values of LA1 drop considerably at every level up to 150 cm, indicating a general stand senescense rather than a leaf drop limited to lower branches. These dramatic changes in leaf biomass and LA1 between the 16 and 37 year stands indicate that leaf loss is not primarily due to shading effects in the canopy. 
Stems (diameter class in mm)
Total above-5-10 10-20 20-30  30  ground biomass   156  11  1187  313  22  2374  469  33  3561  626  43  4746  783  54  5934 Instead, some physiological senescence with age may be responsible for the observed morphological changes.
On a stand basis the amount of chamise biomass can be calculated from our data for a range of values for canopy coverage (Table 3) . While individual shrub biomass and canopy size increase with age, stand coverage concurrently increases. Parsons (1976) described vegetation structure of the four oldest stands described here, with total ground cover of chamise increasing steadily in a progression of 17,74, 130, and 150% in these stands. Values above 100% result from overlap of canopies in the oldest stands. Calculating from our data for the same stands two years later, total chamise biomass would be 1,347 kgshg-' at 6 years, 10,997 kg-ha-' at 16 years, 19,317 kg-ha-' at 37 years, and 20,553 kg-ha-' at over 60 years. Interpolating from Table 3 should allow estimation of biomass accumulation in other stands under similar growing conditions where stand age and chamise coverage are known. chaparral shrub species (Rundel unpublished data). On a unit area basis, the biomass of fine fuel sizes remains high in all stand size classes. Leaf biomass and stem biomass at both the O-5 mm and 5 -10 mm size classes peaks at 16 years for our sample points with a total of 830 game2 (Fig. 5) , but the total of Size class distribution of fuels is an important structural component of flammability.
In chaparral fires where branches greater than 10 mm are seldom consumed, the high percentage of fine branch material in chamise adds considerably to its flammable characteristics.
The relative biomass of individual size class components of chamise shown in Figure 4 demonstrates this pattern. Through 16 years more than half of the total shrub biomass is comprised of fine leaves and stems less than 10 mm diameter. 
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Even at greater ages, the relative amount of these fine size classes is much higher than comparable values for other fine fuel biomass exceeds 500 g-mm2 at all ages. This indicates high potential flammability at all age classes. This factor combined with the increased total biomass and increased percentage of dead woody material within the shrub canopy for the older age classes (Parsons 1976 ) are important structural bases for the high fire danger commonly attributed to stands of mature chamise.
Conclusions
Too few data are currently available assessing fuel loading and fuel structural characteristics of the highly flammable chaparral areas of California. Such information is of critical importance, however, in providing land managers and fire control specialists with a basis for predicting potential flammability for natural stands of vegetation. Increasing interest in the reduction of fire hazards in chaparral areas through prescribed burning will require more data of this type to provide effective fire modelling (see Rothermel and Philpot 1973) and fire management.
The data presented here indicate that change in flammability resulting from increased stand age may result not only from increased above-ground biomass, but from alterations in the fuel size distribution as well. Structural comparisons of chamise from Sequoia National Park and from Southern California clearly indicate that considerable geographic variation in structure and productivity does occur within California. While the data presented here may be site specific to the southern Sierra Nevada, the methods used and concepts discussed are applicable to many other brushland communities. Additional empirical data on relative flammability of fuels and rates of fire spread will be required in the future to refine fire management programs to the desirable state of predictive accuracy.
